The present study includes an experimental investigation on the crack propagation in the concrete cracked due to alkali-silica reaction (ASR). The fracture energy and tension softening curves of the ASR damaged concrete were obtained by three-point bending tests for single notched concrete beams. An image analysis by using a digital image correlation method was carried out in order to detect the crack propagation behavior. This method of the image analysis is conducted based on a region-based matching technique in order to calculate the displacement of any portion of the concrete surface. As for the macroscopic damage in the concrete the ASR induced cracks that can be observed on the surface of concrete were evaluated and classified into their widths, lengths and directions. The experiments show that these ASR-induced cracks influence on the crack propagation in the specimen under the bending.
INTRODUCTION
Alkali-silica reaction (ASR) in the concrete is a phenomenon that alkali ingredients such as reactive silica in the aggregate react with the sodium hydroxide in the cement. This reaction sometimes results in gel that causes the volume expansion of concrete and then the crack may occur in the concrete. The ASR damaged concrete in which cracks occur in the macro and micro levels has different mechanical properties to the sound condition. Especially the reduction of the elastic modulus of concrete is remarkable according to the expansion due to the ASR. There is room for argument for the influence of the ASR-induced crack on the mechanical properties of the concrete especially on the fracture properties of the ASR damaged concrete.
The phenomenon of the ASR induced damage in the concrete indicates a significant irregularity that is that the orientation and width of the ASR-induced cracks indicates have no rule and are distributed through the concrete. Since the ASR-induced cracks may influence crack initiation and propagation to occur under the external loads, fundamental experimental data on the mechanical properties of the ASR damaged concrete are necessary in order to establish the constitutive models such as a reference [1] to represent the mechanical behavior as a material involving the damage.
In this study, the tension softening behavior of ASR damaged concrete is experimentally evaluated. Three-point bending test for single notched concrete beams was carried out to determine the fracture properties, such as a tension softening curve and fracture energy. These fracture properties are determined from the propagation of mode I crack in the bending test on the concrete beams. This is based on an assumption that the microscopic damage in the concrete is located in the interface of the matrix to both fine and coarse aggregates and uniformly distributed through the beam.
The previous study presented by the authors [2, 3] has showed that he strain distribution obtained by the image analysis can be measured the cracking behavior on the concrete surface under the external load. To detect these crack propagation behavior, an image analysis was carried out during the loading test in order to measure the strain distribution on the concrete beam. As for the macro damage in the concrete the ASR induced cracks that can be observed on the concrete surface are evaluated and classified into their widths, lengths and directions.
EXPERIMENT OUTLINES

Specimens
The concrete specimen is a beam in which the section is 100 mm of width, 50 mm of a ligament height and 800 mm of the clear span length. The specimen has a single notch at the midspan whose depth was set as 50 mm. Four specimens from ASR-1 to ASR-4 which were exposed outside for about 3 years and two specimens ASR-5 and ASR-6 which were exposed for about 4 years were prepared in this experiment. It is confirmed that an expansion which has been measured by using reference prism specimens of 100*100*200 mm was around 1200μ or more at the day of bending test for the series of ASR-1 to ASR-4.
The mix proportion of this concrete is showed in Table 1 . Ordinary portland cement for cement and AE water reducing agent for admixture were used. The maximum size of cause aggregate is 20 mm. Both fine and coarse aggregates were mixed where the ratio of reactive and nonresponsive aggregates in the volume of 1:1 that was decided as a pessimum content. Each specimen was made by the same concrete mix. The situation of ASR induced cracks, however, was different because of variability of the material and exposure condisions as shown in Photo 1. This is an example of the damage conditions in the specimens tested.
In this study, the compressive strength 
Image
In this propagatio using a dig carried out load the close-up view on this domain was further investigated. A digital microscope was used to capture this behavior of the micro cracks. The crack propagation until peak load in the bending test is shown in Figure 10 . In the very initial stage of the fictitious COD of w = 0.00208 mm, a micro crack that occurs in the horizontal direction can be confirmed by using the obtained image analysis. It can be also confirmed that this micro crack at the tip pf the notch clearly affects the crack propagation under external load. This result reveals that, the quantitative evaluation on the state of the ASR-induced crack at the ligament portion is needed in order to evaluate the influence of the ASR-induced crack on the fracture properties of the concrete.
CONCLUSIONS
The effect of the ASR-induced cracks on the tension softening behavior of the concrete was experimentally evaluated in this study. The three-point bending test for single notched concrete beams was carried out and the fracture energy and tension softening curves of the ASR damaged concrete were obtained. To detect the crack propagation behavior, the image analysis by using a digital image correlation method was carried out during the loading. We conclude that the experiments show that the ASR induced cracks visible on the concrete surface do not always influence the crack propagation occurred under the external loading. From these results, in order to evaluate the influence of the ASR-induced crack on the fracture properties of the concrete, the quantitative evaluation on the state of the ASR-induced crack at the ligament portion is needed.
